T he UK collaborative ECMO trial firmly established extracorporeal membrane oxygenation (ECMO) for treating respiratory failure in newborn infants. [1] [2] [3] Although the treatment phase of the trial has finished, survivors are regularly assessed to determine long term neurological outcome. The results of the follow up programme at 1 and 4 years indicate a favourable prognosis for most infants treated with ECMO. 4 At the time of the UK ECMO trial, access to treatments such as inhaled nitric oxide (iNO) and high frequency oscillatory ventilation (HFOV) were limited, and surfactant therapy was not often used to treat severe meconium aspiration syndrome (MAS). [1] [2] [3] However, since the ECMO trial, access to iNO and HFOV has increased, and surfactant therapy is now used to treat MAS. [5] [6] [7] [8] Therefore it is possible that newborns referred for ECMO therapy in the present era have a different severity of respiratory disease at the point of referral. Consequently, such infants may have different neurological outcomes from those reported in the UK ECMO trial. Over the last decade, the Heartlink ECMO centre at Glenfield Hospital has treated nearly 400 infants with ECMO. In 1997, we began to prospectively follow up all infants treated with ECMO in order to determine later health status. This report details survival and neurological outcomes for newborn infants who have received ECMO at our centre between January 1997 and January 2001.
METHODS

Case identification
The names of all babies who received ECMO aged less than 14 days at Glenfield Hospital between January 1997 and January 2001 were obtained from an in house database.
Patient details (basic characteristics, diagnosis, treatments before ECMO, and outcome after ECMO) were retrieved from the case records.
Developmental assessment
Neurodevelopment was determined at 11-19 months of age using the schedule for growing skills-II (SGS-II), a widely used screening tool 9 which assesses development in 10 ''skill'' domains (active and passive posture, locomotor, manipulative, vision, speech and hearing language, interactive and self care social, cognitive). SGS-II is based on the Sheridan developmental sequences and has been validated against Griffiths mental developmental scales. 9 Its forerunner was used in the UK national child encephalopathy study. 9 All children were examined by either KK or HP, and in five cases by both, to ensure that the tool was used in a consistent manner.
Data analysis
Individual skill domain and overall developmental quotients (DQs) for each child were calculated by dividing ''achieved'' individual and overall scores by mean scores for the child's age range (10-11, 12-14, 15-17 , and 18-23 months). Children who were blind or deaf and/or had an overall DQ score ,50% predicted were concluded to have ''severe Abbreviations: CDH, congenital diaphragmatic hernia; DQ, developmental quotient; ECMO, extracorporeal membrane oxygenation; HFOV, high frequency oscillatory ventilation; iNO, inhaled nitric oxide; MAS, meconium aspiration syndrome; OI, oxygenation index; PPHN, persistent pulmonary hypertension of the newborn; SGS-II, schedule for growing skills-II disability'', whereas children with overall DQ scores of 50-69% predicted, or a locomotor DQ of less than 70% predicted, or were receiving regular anticonvulsants, or needed tube feeding, or required oxygen were concluded to have ''impairment''. Children with an overall DQ greater than 70% predicted were classed as ''normal''. Comparisons of the present data with UK ECMO trial data were made using a x 2 test for dichotomous data. p,0.05 was considered significant.
RESULTS
Between January 1997 and January 2001, 152 newborn infants aged less than 14 days received ECMO therapy in our unit (fig 1) . Seven infants with heart lesions were excluded. Tables 1 and 2 list data and details of the remaining 145 infants.
The mean oxygenation index (OI), a marker of disease severity, was 51, but nearly a third of infants had an OI ,40 at referral, 40 being the traditional criterion for ECMO referral. Before ECMO therapy, most infants were receiving or had received a variety of other treatments (table 1) . Comparing the UK ECMO trial cohort with our data (table 1) shows significantly greater use of these treatments and a greater proportion of referrals within 24 hours of birth in the current era.
Twelve month survival for the cohort was 75%. Although no deaths were recorded in infants with MAS, 36 infants died in hospital and one child with congenital diaphragmatic hernia (CDH) died after discharge. A third of non-survivors had CDH. Six other babies had untreatable respiratory conditions. Figure 1 and table 2 give the details. Tables 3 and 4 and fig 2 give the health status of the 93/108 children assessed. The mean overall DQ score for the group was 105. Mean group scores for individual skill domains varied between 92 (cognitive) and 119 (locomotor). Data for active and passive posture domains are not shown, as nearly all children received maximum scores in these skills. Eighty two children were classed as normal, seven as having impairment, and four as having severe disability. No infant was blind, totally deaf, or receiving oxygen therapy. All four children with severe disability had overall and locomotor DQ scores of less than 50 and additional health problems such as squint and tube feeding. One had trisomy 21. Four of seven children with impairment had DQ scores ,70 in the locomotor skill domain. One of them also required a hearing aid. The three other children with impairment were receiving supplemental feeding. 
DISCUSSION
The main findings of this report are that survival for newborn infants with severe acute respiratory failure treated with ECMO is excellent and that most survivors are normal on developmental screening at 11-19 months. However, data from other follow up programmes, including that for the UK collaborative ECMO trial, indicate that a full picture regarding the health status of these children will not emerge until later. Survival (75%) to 1 year of age for newborns receiving ECMO in the study period is in line with other ECMO programmes and better than reported by the UK collaborative ECMO trial group. 1-3 10-12 Infants who died could be divided into a group with congenitally abnormal lungs and a group with normal lungs at birth. Idiopathic persistent pulmonary hypertension of the newborn (PPHN) and sepsis were the only two diagnostic categories in the latter. The group with congenitally abnormal lungs included infants with CDH, alveolar capillary dysplasia, and hereditary surfactant protein B deficiency. All infants with CDH were referred for ECMO therapy before surgical repair. Only a few could be weaned from ECMO support on to mechanical ventilators despite early surgical repair of the hernia and a prolonged (.2 weeks) ECMO run. The disappointing survival for infants with CDH (3/15) is indicative of the severe lung dysplasia present in some children with this disorder, and it is our view that outcome for this subgroup of infants with CDH is unlikely to improve in the absence of an effective ''lung growth'' strategy, with or without ECMO.
Survival for infants with MAS was 100%, a finding that has been reported by other ECMO programmes. [10] [11] [12] These observations show that ECMO is a very effective treatment for MAS. Moreover, the data show that zero or near zero mortality is an achievable goal for this disorder. One reason for the excellent survival statistics for MAS may be a general improvement in the care of infants with hypoxaemic respiratory failure. For example, compared with the UK ECMO trial, present day infants were referred earlier in the course of their illness and were more likely to have received treatments known to improve oxygenation, such as surfactant, iNO, and HFOV. It is therefore possible that these treatments, in conjunction with early institution of ECMO, resulted in present day infants having less prolonged and/or profound episodes of hypoxaemia-ischaemia than infants in the UK ECMO trial. The net result is the excellent survival figures for MAS. It is noteworthy that, despite the greater use of surfactant, iNO, and HFOV before ECMO, there was no significant difference in the time of referral for ECMO. This is also encouraging as there had been concern that a strategy of ECMO avoidance, where possible, might result in late referral of a number of infants. The only evidence of such an effect is the 21% of babies whose referral still occurs after 48 hours.
Comparison of the current outcome data with UK ECMO trial data 2 shows more children in the severely disabled category in the present day cohort (even after accounting for the child with trisomy 21 who would have been excluded from the UK ECMO trial), but fewer children with impairment. There are several possible explanations for these differences. Firstly, the better survival rate for the present day cohort compared with the UK ECMO trial equates to about 10 more infants being alive at follow up. These ''extra'' survivors may have been those most likely to have disability. Although it could be argued that compared with the UK ECMO trial, infants in the present era were less sick (lower OIs) and had a shorter period of postnatal hypoxaemiaischaemia (earlier referral), neither the time to ECMO referral nor a lower OI correlate with better outcomes. [1] [2] [3] [4] Differences in assessment methodology may also explain the disparity in developmental outcomes. More specifically, as SGS-II is a screening tool designed to detect definite ''normality'' and definite ''abnormality'', it has little sensitivity for detecting subtle abnormalities. Thus DQ scores above 100 do not indicate above average development, and few children are likely to have DQ scores in the ''impairment'' range. A third possible explanation is that the missing data on 15 infants have distorted the pattern of results. Finally, the age of assessment may also have distorted the findings, as the UK ECMO trial data show that it is important that follow up continues at least until school age. 
SUMMARY AND CONCLUSIONS
In the current era, we have found that most term and near term newborn infants with hypoxaemic respiratory failure treated with ECMO have normal neurodevelopment. The zero mortality for MAS indicates that ''normal physical and neurodevelopmental outcome'' is a realistic aim for all infants with this disorder, particularly as future ECMO recipients may be provided with neuronal cell protection using a ''blood cooling'' strategy to induce moderate brain hypothermia. 13 The continued mortality observed in infants with idiopathic PPHN and sepsis and the very poor survival figures for children with CDH indicate that additional treatments are required to improve outcomes for children with these disorders.
A strategy of early institution of ECMO therapy is likely to result in the best outcomes for newborns with hypoxaemic respiratory failure.
14 However, at present, there are few markers that predict which infants need ECMO therapy and which can be safely managed with non-ECMO therapies. 15 At present, our in house criteria for newborns with acute respiratory failure include an OI of .25, systemic hypotension requiring treatment with moderate to large doses of inotropes, the presence of air leaks, and cardiorespiratory instability. These criteria may require modification as more outcome data for specific treatments become available. Hence, as recommended by the American Academy of Paediatrics, 16 we would encourage the collection and publication of data on short and long term outcomes for infants with severe acute respiratory failure on a centre and treatment specific basis.
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What this study adds
N New treatments are being used before referral; there is no evidence that this is delaying the time that otherwise eligible infants will receive ECMO therapy N There is no evidence of an adverse impact on neurodevelopmental outcome during the second year of life Figure 1 The patient a few hours after the diagnosis of staphylococcal scalded skin syndrome, when 90% of the total body area was blistered. The child's parents have consented to the publication of this picture. Figure 2 The patient seven days after admission, with intact skin and no scars. The child's parents have consented to the publication of this picture.
